The nucleotide sequence of 3134 bp from the genome of human herpesvirus 6 (HHV-6) strain U1102 was determined. The sequence overlaps and is contiguous with the 21858 bp nucleotide sequence published by us previously. The sequence reported here encodes two open reading frames, named 18L and 19R. The protein encoded by 18L shares amino acid sequence similarity with the multiply hydrophobic glycoprotein M conserved in the genomes of all herpesviruses sequenced to date. ORF 19R encodes a protein which shares a significant degree of amino acid sequence conservation with the origin-binding protein homologues encoded by members of the alphaherpesvirus subgroup, but does not share detectable amino acid sequence homology with positionally analogous open reading frames present in the genomes of other betaherpesviruses or in the genomes of gammaherpesviruses.
Human herpesvirus 6 (HHV-6), first identified in 1986, is a T cell lymphotropic virus which is highly prevalent in the general population (Salahuddin et al., 1986 ; see reviews by Thomson et al., 1991; Pellett et aL, 1992; Caserta & Hall, 1993) . The virus is frequently acquired in early childhood, causing exanthem subitum (Yamanishi et al., 1988) . HHV-6 has also been implicated in lymphoproliferative disorders, post-allograft complications and in the progression of latent human immunodeficiency virus infection to the development of AIDS (Gompels et al., 1993; Lusso et al., 1991) .
Large-scale nucleotide sequencing studies aimed at the molecular characterization of the HHV-6 genome (Lawrence et al., 1990; Martin et al., 1991b; Gompels et al., 1992a; Efstathiou et al., 1992; Thomson & Honess, 1992; Nicholas & Martin, 1994) have revealed that the genomes of HHV-6 and human cytomegalovirus * Author for correspondence. Present address: School of Biological Sciences, Macquarie University, Sydney NSW 2109, Australia. Fax + 61 2 8508245. e-mail bi-lawrence@hope, ocs. mq. edu. au t Present address: The Sanger Centre, Hinxton Hall, Hinxton, Cambridgeshire CB10 1RQ, UK.
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(HCMV), the prototypic betaherpesvirus, share a similar coding content, gene complement and colinear gene organization including regions of CpG dinucoleotide suppression associated with their respective major immediate early gene coding regions (Martin et al., 1991 b; Honess et al., 1989) . HHV-6 is phylogenetically more closely related to HCMV than it is to members of the alphaherpesvirus subgroup [e.g. herpes simplex virus type 1 (HSV-1; McGeoch et al., 1988) , varicella-zoster virus (VZV; Davison & Scott, 1986) , equine herpesvirus 1 (EHV-1 ; Telford et al., 1992) ] or the gammaherpesvirus subgroup [e.g. Epstein-Barr virus (EBV; Baer et al., 1984) , herpesvirus saimiri (HVS; Albrecht et al., 1992) ].
Previously we have reported an analysis of a 21 858 bp contiguous region of the genome of the U1102 strain of HHV-6 (Lawrence et aL, 1990) . The region encodes homologues of conserved herpesvirus genes including those encoding the major capsid protein and the alkaline exonuclease. Here we report an analysis of the nucleotide sequence of a further 3.13 kbp region of the Ul102 genome which overlaps and is contiguous with the righthand end of the published 21.9 kbp nucleotide sequence.
Nucleotide sequence data were derived from the 3134 bp XhoI-SmaI restriction fragment located at the right end of the Sinai D fragment (pSMD14 plasmid) of the HHV-6 strain U1102 genome (Martin et al., 1991a) (Fig. 1) essentially as described by Bankier et al. (1987) and Lawrence et al. (1990) . Sequence data were as-Short communication Martin et al. (1991a) . The region from which the 3.13 kbp DNA sequence was derived is indicated by shading. The positions of termination codons in each of the six possible reading frames are indicated by bars, the arrows showing the location and direction of major ORFs. ORF designations are in accordance with that previously employed in Lawrence et al. (1990) for the overlapping region of nucleotide sequence of which ORF 17R was the rightward-most ORF. 
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Horsnell & B. G. Barrell, unpublished results).
The left-hand 53 bp of nucleotide sequence of the XhoI-SmaI restriction fragment overlapped the righthand end (SalI N fragment; Fig. 1 b) of the 21858 bp nucleotide sequence published previously (Lawrence et al., 1990) and extended the contiguous nucleotide sequence data determined for this region of the Ul102 genome to 24 927 bp, representing approximate positions 85.5 to 110.5 kbp of the genome (Martin et al., 1991a; Lawrence, 1991) . Computer analysis of the nucleotide sequence indicated general agreement with previously published restriction endonuclease maps for this region of the HHV-6 strain U1102 genome except that a 9 bp PstI fragment was identified between the PstI K and PstI G restriction endonuclease fragments (Martin et al., 1991a) (Fig. lb) .
Two large open reading frames (ORFs) likely to be protein-coding regions were identified (Fig. 1 b) and were named 18L and 19R in accordance with nomenclature employed previously (Lawrence et al., 1990; Lawrence, 1991) . Albrecht et al. (1992) * Optimized FASTA scores are indicated below each of the homologues of HHV-60RFs 18L and 19R encoded by other herpesviruses. The optimized FASTA scores were calculated using a K-tuple value of 2. t P indicates viral genes which are positionally analogous but appear not to share any significant amino acid sequence homology to those of HHV-6. nucleotide sequence. Shown in Table 2 are the results of FASTA (Pearson & Lipman, 1988) computer searches of protein sequence libraries for homologues of the 18L and 19R encoded proteins.
ORF 18L encodes a homologue of the conserved multiply hydrophobic virion glycoprotein gM (Bains & Roizman, 1993; Pilling et al., 1994) , the function of which relrmins to be determined. Like its homologues, the 18L-encoded protein is predicted by computer analysis to contain up to eight hydrophobic transmembrane domains (Lehner et al., 1989; MacLean et al., 1993) . The protein also encodes six potential N-linked glycosylation sites, the second of which occurs in a conserved position between the first and second hydrophobic domains of each of the herpesvirus-encoded homologues. In common with many other HHV-6-encoded proteins, the 18L protein shares a higher degree of amino acid sequence similarity with its HCMVencoded counterpart (as measured by optimized FASTA scores) than it does with its counterparts encoded by the gamma-or alphaherpesviruses (Table 2) (Lawrence et al., 1990; Efstathiou et al., 1992; Gompels et al., 1992a; Nicholas & Martin, 1994) .
ORF 19R encodes a primary translation product of 780 amino acids, the 703 N-terminal amino acids of which are encoded by the XhoI-SmaI genomic subfragment of HHV-6 strain Ul102 sequenced in this study, while the remaining 77 C-terminal amino acids are encoded by the overlapping HindIII D genomic subfragment (Fig. l b) (J. Nicholas, unpublished results). The 19R protein has significant amino acid sequence homology to the origin-binding proteins (OBP) encoded by the alphaherpesviruses HSV-1, VZV and EHV-1 and to a protein encoded by African swine fever virus (ASFV; optimized FASTA score 289; Sussman et al., 1993) , but it appears not to share any significant amino acid sequence similarity with the predicted translation products of the positionally analogous ORFs encoded by the betaherpesviruses HCMV or murine CMV (W. Rawlinson, personal communication), or the gammaherpesviruses EBV (Baer et al., 1984) and HVS (Albrecht et al., 1992) . The high degree of amino acid sequence conservation shared by the HHV-6, HSV-1, VZV and EHV-1 protein homologues, together with the lack of any detectable amino acid sequence similarity between these protein sequences and those encoded by members of the beta-and gammaherpesviruses, suggests possible structural similarities between the HHV-6 origin of lytic cycle DNA replication (oriLyt) and the small ATrich alphaherpesvirus ori elements (Weller et al., 1985; Stow & Davison, 1986; Robertson et al., 1991) , rather than with the larger and more complex EBV (Hammerschmidt & Sugden, 1988) , HCMV and simian CMV oriLyt elements (Hamzeh et al., 1990; Anders & Punturieri, 1991 ; Anders et al., 1992) . In support of this is the recent identification by Dewhurst et al. (1993) of a region of the HHV-6 strain Z29 genome which functions in transient in vitro assays as an origin of DNA replication. The minimum length of the functional region of the putative oriLyt element is approximately 400 bp and is comparatively AT-rich (68 %). A similar ori-like DNA element has been noted in the genome of HHV-6 strain Ul102 (Gompels et al., 1992b) .
A multiple alignment of the homologous protein sequences encoded by HHV-60RF 19R, HSV-1 UL9, VZV gene 51, EHV-1 gene 53 and ASFV ORF LMW6DL (Fig. 2) reveals the presence of six conserved motifs within the N-terminal regions of each of the proteins which are predictive of helicase activity (Gorbalenya et al., 1989; Martinez et al., 1992; Sussman et al., 1993) . Several studies have shown that the HSV-1 OBP has DNA helicase and associated DNA-dependent ATPase activities in addition to its origin-binding activity (Fierer & Challberg, 1992) . Origin recognition and binding activities of both the HSV-I and VZV OBPs appear to be located within the C-terminal one-third of these proteins (Weir et al., 1989; Stow et al., 1990; Deb & Deb, 1991; Arbuckle & Stow, 1993) , although the specific binding sites of the two proteins on their respective origins of replication do differ (Stow et al., 1990) . Each of the herpesvirus-encoded OBP homologues exhibit a lower degree of amino acid sequence con- (Sussman et al, 1993) . The consensus sequence was derived from the alignment of herpesvirus-encoded homologues where conservative amino acid changes are indicated by the symbol '*' and are grouped (IVLM), (FYW), (RKH), (DENQ) and (CSTGAP). The symbol 'A' represents the hydrophobic grouping (FYIVLM). Conserved cysteine residues are underlined. Amino acid residues present in the ASFV-encoded protein that are conserved or semi-conserved in at least one of the herpesvirus-encoded counterparts are indicated in upper case, non-conserved residues are indicated in lower case. The motifs predictive of helicase activity (Gorbalenya et al., 1989) are indicated for each protein sequence with bold type and are numbered I-VI above the sequence alignment. The ATP-binding site is located within motif I.
servation in their C-terminal regions than in their Nterminal helicase regions (Fig. 2) , suggesting differences in their specific DNA-binding sites. The ORF 19R lies in a region of the HHV-6 genome which encodes a block of conserved herpesvirus genes extending from the major capsid protein gene at one end (Lawrence et aL, 1990) to the conserved helicase gene at the other end (J. Nicholas, unpublished results). The arrangement of these genes is generally colinear with their HCMV-encoded counterparts. In particular the genes flanking the 19R ORF (ORFs 18L and HDRF1-HDRF2; J. Nicholas, unpublished results) encode proteins which are more closely related to their HCMVspecified counterparts (HCMV UL100 and UL102-UL105) than to alpha-and gammaherpesvirus-encoded counterparts. These observations tend to suggest that the 19R ORF is derived from an ancestral gene and that it has not been acquired independently of the alphaherpesviruses. The lack of obvious EBV-and HCMV-encoded counterparts of the OBP gene, and the highly complex natures of their respective oriLyt elements compared to those of VZV, HSV-1, EHV-1 and possibly HHV-6 suggests that mutations of the EBV and HCMV OBP genes might have been tolerated as more complex origins of replication, and possibly origin-binding mechanisms, evolved.
In conclusion, the data presented in this report illustrate examples of both phylogenetic similarities and differences between the betaherpesviruses HCMV and HHV-6. Functional studies on the HHV-6-encoded homologues of the multiply hydrophobic gM and the alphaherpesvirus OBP will be of interest. In this regard, Inoue et al. (1994) have recently shown that the homologue of the 19R protein encoded by HHV-6B strain Z29 binds to ori-like nucleotide sequences.
